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I.  INTRODUCTION 


A quantitative  description  of  the  interaction  of  electrons  with 

matter  over  a large  range  of  energies  is  a subject  of  basic  importance 

in  a wide  variety  of  theoretical  and  applied  areas.  From  the  theoretical 

standpoint,  calculations  of  energy  loss  and  range  of  electrons  in  many 

different  materials  have  formed  the  basis  of  at  least  two  extensive 
1 2 

tabulations.  5 Both  of  these  works  are  restricted  to  electron 

energies  >_  10  keV  and  are  based  on  the  Bethe  theory  of  stopping  power 

including  various  modifications  and  corrections  (e.q.,  density -effect 

corrections) . We  feel  that  similar  tabulations  for  electron  energies 

<_  10  keV,  based  on  a priori  calculations  using  currently  available 

theoretical  information,  will  provide  useful  guides  for  interpretation 

of  experimental  data  as  well  as  input  for  calculations  in  applied  areas. 

Our  earlier  tabulations  for  the  electron  energy  region  E^IO  keV  include 

the  solids  A1  and  AlgO.^,  Si  and  SiOg]4,  and  Ni,  Cu,  Ag,  and  Au]^. 

Although  some  of  the  theoretical  framework  required  for  the  calculations 

presented  here  for  Ge  and  GaAs  is  identical  to  that  in  Refs.  3 and  4, 

it  will  be  restated  here  for  convenience  of  the  users  of  this  tabulation. 

Model  calculations  are  used  in  the  work  here  to  describe  the 

valence  bands  of  the  solids.  The  differential  inverse  mean  free  path 

(DIMFP),  which  forms  the  basic  function  required  in  our  work,  will  be 

3 4 

derived  from  a model  insulator  theory  ’ applied  to  the  valence 
bands  in  Ge  and  GaAs.  The  more  tightly  bound,  inner  shells  of  the 
atoms  in  the  solids  will  be  assumed  to  be  essentially  unchanged  in 
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character  from  those  in  free  atoms  and  the  DIMFP  for  excitation  of 
electrons  from  the  inner  shells  will  be  based  on  classical 

c 7 o 

binary  collision  (CBC)  theory.  ’ An  extension  of  CBC  theory 

in  which  the  cross  sections  are  constrained  to  obey  certain  sum  rules 

has  been  applied  in  the  study  of  the  electron  si  owing-down  soectrum 
. 9 

in  Si.  Given  the  DIMFP ' s associated  with  the  most  important  electron 
interaction  processes  in  the  solids,  we  then  calculate  inverse  mean 
free  paths,  stopping  powers,  csda  ranges,  and  range  and  energy 
straggling  for  electron  energies  from  a few  eV  to  10  keV. 

The  details  of  the  components  of  our  calculations  are  described 
more  fully  in  the  next  three  sections.  In  Section  V exchange 
corrections  are  discussed,  expressions  given  for  the  exchange 
corrected  DIMFP’ s, and  formulas  used  in  these  tabulations  are  displayed. 

II.  GENERAL  FORMULATIONS 

A charged  particle  passing  through  a solid  interacts  with  a large 
number  of  electrons  simultaneously,  and  it  is  thus  appropriate  to  speak 
of  a mean  free  path  of  the  charged  particle  against  energy  loss  to 
the  solid.  Assuming  the  effect  of  the  charged  particle  on  the  medium 
may  be  treated  in  first  Born  approximation,  the  inverse  mean  free  path, 
differential  in  momentum  transfer,  1ll<,  and  energy  transfer,  tiu>,  for  a 
particle  of  velocity  v is  given  by 


_£u_ 

dkdw 


2e 

TtflV^ 


1 Tn  T 1 
Im 


(i) 
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where  «( k,^)  is  the  exact  dielectric  function  of  the  solid.  We 
assure  in  this  work  that  the  solid  is  isotropic  and  homogeneous. 

For  our  calculations  of  inverse  mean  free  path,  stopping  power, 
etc.,  it  is  sufficient  to  compute  inverse  mean  free  paths  differ- 
ential in  energy  transfer  only.  This  differential  inverse  mean  free 
path  (DIMFP)  for  energy  loss  tlw  by  an  electron  with  energy  E = mv  /2 
in  the  solid  is  given  by 


T(E,hco) 


_ dp. 

d(hco) 


Im 


-1 

C(k,OJ) 


where  Tik+  5 /2m  j^/E-  ± /E  - "tWi  j and  aQ  = li^/me^.  This  expression 

assumes  that  the  energy-momentum  relation  for  a swift  electron  in  the 
solid  does  not  differ  appreciably  from  that  of  a free  electron  in 
vacuum. 

Given  «(k,w)  for  the  sclid,  the  quantities  of  interest  here 
follow  directly  from  T(E,1iw).  The  inverse  mean  free  p3th  of  the 
electron,  y,  is  given  by  integrating  over  allowed  enerciy  transfers  as 


H(E) 


d(hco)  T(E,ho»  . 


The  rate  of  energy  loss  of  the  electron,  or  the  stopping  power  of  the 
medium,  is  given  by 


S(E)  = -dE/dx  = / d(ha))  hto  r(E,ho;)  , 


and  the  mean  square  energy  loss  per  unit  path  length  by 


ft2(E) 


d(hco)(hcu) 


2 


T(E,  free)  . 


(5) 


With  these  results  we  may  calculate  the  range  of  an  electron  in  the 
continuous  slowing-down  approximation  (esaa  range)  by 

E 

RJE)  -f  <3E7S{E')  (6) 

E 

o 

The  lower  limit  on  this  integration  will  be  discussed  further  in 
Section  V.  The  mean  square  fluctuation  in  the  range  or  "range 

■I  ■* 

straggling"  will  be  calculated  from  Eq.  (5)  and  Eq.  (4)  as  1 

E 

(R-R)2  =/  dE' 422(e')/[S(E')J3  . (7 

O AV  V ' 

E 

o 

In  practice,  the  DIMFP  will  be  evaluated  as  a sum  of  contributions 
from  various  distinct  processes.  For  example,  we  calculate  a DIMFP 
for  removing  an  electron  from  inner  shells  and  a DIMFP  for  inter- 
action with  electrons  in  valence  bands.  The  total  DIMFP  used  to 
describe  the  interaction  of  an  electron  with  the  given  solid  will 
be  given  by 


T(E,co)  =£t.(E,u) 

i 


(8) 
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where  the  sum  over  i adds  the  contributions  from  the  various 
interaction  processes.  The  evaluation  of  the  x^'s  for  fie  and 
GaAs  is  described  in  the  next  two  sections. 


III.  DIMFP's  FOR  VAlENCE  BAND  ELECTRONS 


The  model  which  we  have  developed  to  describe  the  dielectric 

response  function  of  an  insulator  is  related  to  that  employed  by 
12 

Fry  in  which  the  ground  state  wave  function  of  the  valence  electrons 
is  described  in  the  tight-binding  approximation,  while  excited  states 
are  represented  by  ortr.ogonal  ized  plane  waves  (OPW).  In  our  use  of 
the  model  to  obtain  a dielectric  response  function  we  fix  the 
normalization  of  the  OPW  excited  states  by  requiring  that  the  sum 

»co 


rule  ! du)  ulm[t(k,u)]  = 2-rr2  ne2/m  De  ooeyed  where  n is  the  density 

o 

of  electrons  in  the  valence  band.  In  addition  we  assume  that  the 
solid  is  uniform  and  homogeneous.  Tne  dielectric  response  function 
corresponding  to  this  model  solid  is  convenient  and  flexible  for 
use,  can  be  fitted  to  the  optical  dielectric  function  in  the  limit 
of  very  long  wavelengths  (k  ->  0),  and  describes  the  single-particle 
properties  of  excited  electrons.  The  existence  of  plasma  oscillations 
emerges  naturally  as  one  studies  the  response  of  the  system  to  longi- 
tudinal electric  perturbations.  We  have  found  quite  reasonable 
results  in  the  application  of  this  model  to  A1 2 O3  and  SiO^.^’^’^’^ 

Since  a detailed  discussion  of  the  insulator  model  is  planned 
15 

for  publication,  we  quote  here  only  the  results  needed  for  these 
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calculations.  The  result  required  here  is  the  imaginary  part  of 
the  dielectric  response  function  for  the  model  insulator  given  by 


Im[e(k,  co)l  = 77ne2r/hBkA 


More  hui^  is  t ho  average  binding  energy  of  the  valence  band  and  g 
and  a are  parameters  which  may  be  adjusted  to  make  the  theory  agree 
with  optical  dielectric  function  measurements  in  the  k -►  0 limit. 

In  the  k ->  0 limit  we  have 


Im[e(0,w)]  = ~ 


9 2 

IT  ne 


2 ,226 
) («  +P  ) 


Given  the  imaginary  part  of  the  dielectric  function,  Eq.  (9),  for 
fixed  values  of  n,  g,  and  a the  real  part  of  «(k,u)  may  be 
obtained  numerically  using  the  Kramers-Kroniq  relation. 


Re[  e(k,  cu)  J = 1 + 


f.rta 

TT  J o 


oj  Im[  e(k,  co  ) ] 


2 2 
to  — CO 

o 


Equation  (13)  is  used  to  fit  experimental  data  on  Im[t(o,uj)], 
as  obtained  from  optical  measurements  or  from  electron  energy  loss 
measurements , to  determine  parameters  for  the  insulator  model. 

Since  the  general  shape  of  this  function  for  most  semiconductors 
snows  two  major  peaks  separated  by  a few  eV,  two  terms  of  the  form 
on  the  right-hand  side  of  Eq.  (13)  (corresponding  to  the  combination 
of  two  single  orbitals  in  the  OPW  excited  state  wave  function)  were 

4 

used  to  provide  a reasonable  fit  to  the  data.  More  specifically, 
the  parameters  for  the  tabulations  were  determined  in  the  following 
manner: 


A . ue rmanium 

For  4 electrons  per  atom  contributing  to  the  valence 

3 

band,  and  for  a density  of  5.30  gm/cm  for  the  solid  Ge 
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an  initial  set  of  parameters  was  determined  by  fitting 
the  optical  data  of  Ref.  16  to  obtain  Im[*(o,u»)]. 

From  Eq.  (14)  Re[«(o,u>)]  is  determined  and  Im[-l/«(o,u>)] 
is  computed  for  comparison  with  the  values  obtained  for 
this  function  using  energy-loss  spectroscopy.17  Small 
changes  were  made  in  the  initial  set  of  parameters  so 
that  a good  fit  was  obtained  to  the  measured  Im[-l/«(o, <*>)]. 
The  parameter  values  olcalned  in  this  manner  are: 

(a)  (.9)  of  the  4 valence  electrons:  iWB  * 1.9  eV, 

B1 

a,a„  = 0.485,  8,  = 0.5 
lo  1 


(b)  (.1)  of  the  4 valence  electrons: 


fi(Dn  3 3.9  eV, 
B2 


a0a„  = 0.19,  8,  = 0.5. 
c o c 

Given  these  values,  Im[-!/«(k,a>)]  is  calculated  using 
Eq.  (9)  and  Eq.  (14)  to  determine  the  DIMFP  for  Inter- 
action with  the  valence  band  electrons.  The  contribution 
of  this  valence  band  resulting  from  the  combination  of 
these  two  orbitals  will  be  identified  in  the  tables  by 


VALENCE. 


B.  Gallium  Arsenide 

For  application  of  the  model  insulator  theory  to 

GaAs  we  used  experimental  data  obtained  entirely  from 

1 7 

electron  energy  loss  spectroscopy.  As  with  Ge,  an 
initial  set  of  parameters  was  obtained  from  data  on 
Im[«(o,iu)]  and  the  final  set  of  values  obtained  by 
requiring  a good  fit  to  Im[-l/«(o,w)].  With  8 valence 
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3 

electrons  per  molecule  and  a density  of  5.31  gm/cm  for 
solid  GaAs,  the  parameters  were  determined  to  be: 

(a)  (.95)  of  the  8 valence  electrons:  fiwD  = 2.45  eV, 

B1 

a^aQ  = 0.53,  6-|  = 0.5 

(b)  (.05)  of  the  8 valence  electrons:  tiwD  = 4.3  eV, 

b2 

a2aQ  = 0.34,  B2  = 0.5. 

Given  these  values,  Im  [-l/e(k,w)]  is  calculated  using  Eq.  (9)  and 
Eq.  (14)  to  determine  the  DIMFP  for  interaction  with  valence 
band  electrons.  The  contribution  of  this  valence  band  will 
be  identified  in  the  tables  by  VALENCE. 

IV.  DIMFP's  FOR  INNER  SHELLS 

From  a general  expression  for  the  dielectric  -function  of  a 

1 g 

homogeneous,  isotropic  system  we  may  show  for  values  of  w which 
correspond  to  ionization  of  the  ith  inner  shell  in  a solid  that 

. , 2trne2  df.(k,co) 

~~55 55 ('5) 

where  df^/du)  is  the  generalized  oscillator  strength  (G0S)  for 
transistions  from  the  ic  level  in  the  atom  to  a continuum  final 
state.  Here  n^  is  the  number  of  electrons  in  the  i^  level  per 
unit  volume  in  the  given  solid.  Equation  (2)  thus  leads  to 


1 

i 

i 

\ 

1 

■ 

{ 

i 

J 


where  'flu  is  the  energy  transfer.  In  terms  of  the  doubly- 
differential  cross  section  per  electron  for  excitation  into 
continuum  final  states  this  equation  becomes 


- ••  - ■ 


k dk  dkd(ftu) 


where 


dkdTfiwJ 


k liw 


dfi(k,w) 


The  basic  doubly-di fferential  cross  section  in  the  classical 
binary  collision  (CBC)  model  is  given  for  spherically  symmetric 
distributions  of  velocities  of  the  atomic  electrons  by6’^ 


fi3Evi  kZ 


0 (lia)  - ) 0 (E  - flu) 


where 


E = energy  of  the  incident  electron. 


v-j  = speed  of  struck  electron  in  the  iLn  level  = /2Ei /m  , 

E-j  = "ionization  energy"  of  struck  electron, 

0(x)  = (0  for  x<0;  1 for  x>0). 

From  conservation  of  energy  and  momentum  the  limits  on  the  integration 
in  Eq.  (17)  for  the  CBC  model  are  given  by 


^ E-j  + flu  ± / E-j  , for  E>_  'flu  + E-j 

f ± / E - , for  E<  -fico  + E-j 
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(20) 


d% 

For  a given  atomic  level  the  function  — » Eq.  (19), 

becomes  a function  also  of  v^ , and  is  averaged  over  a distribution 

of  electron  speeds  for  this  level.  We  use  here  the  hydrogenic 

8 9 

speed  distribution  given  by' ’ 


, , , , 32  , 2 5 , 2 2.-4 

f ( vn- ) = (— ) vi  voi  (Vi  + voi  ) 


(21) 


where  vQi  is  the  mean  speed  of  electrons  in  the  ith  level  and  is 
set  equal  to  / 2e. ^ /m  . The  GOS,  Eq.  (18),  and  DIMFP,  Eq.  (17), 
averaged  over  this  speed  distribution  for  the  i^  level  are  defined 

by 


dfAV  (k,w) 
d("tiw) 


dv.  f(v,) 
•'o  1 1 


df^k.u) 


■dTtiwT 


r°° 

tAV  (E,fiw)  = dVi  f(Vi)  xi  (E,  fiu.). 


(22) 

(23) 


The  results  of  these  integrations  are 


8,9 


dfAV(n,x) 

3x 


xn 


[(x-n)2+4n2]3 


(24) 


AV  , . Ai 

Ti  (pJ,x)  3na 


9(-x;1-)-  [(3x+4)  (tan_1y  + -K-  ) 


Bx' 


i+y 


O+y2)2 


(25) 
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where  the  variables  are  defined  by 


r,  = fik//2me!.  , 
e = E/e.  , 

X = iw  , 

y = /B-x  , 

Ai  = 8Trao3ni(R/e.)?  , 
aQ  = fi2/me2  = 0.529A  , 

R = e2/2aQ  = 13.6  eV. 

It  is  well  known  that  the  CBC  cross  sections  do  not  satisfy 

g 

the  fundamental  Bethe  sum  rule  . It  is  straightforward  to  show 
that  if 


.av  , , _ r dx 

h <">  - J1 s — 


(26) 


then  from  Eq.  (24),  (n)->-l  ds  n-*°°  ds  it  should,  but  thdt 

f.^  (n)^-o  as  n-*-o.  To  remedy  this  deficiency  in  an  approximate 
way  we  may  add  oscillator  strength  at  energy  losses  around  with 
k-dependent  amplitude  1-f^  (k).  We  approximate  the  true  GOS  of  a 
given  shell  by 


df i (k»w)  df . (o,oj)  M df^V(k,u>) 

— = 2 -D-fi  (k)]  + K- 

do.  dw  Ot0 


(27) 


dfi (o ,w ) 

where — is  the  known  optical  oscillator  strength.  That 

is,  we  have  used  an  interpolation  scheme  for  the  GOS  which  reduces 

to  the  optical  oscillator  strength  for  small  momentum  transfers 

and  which  goes  over  into  the  CBC  GOS  values  for  large  momentum  transfer. 


j 
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We  have  used  a form 


df^o.w) 

doi 


= C 


(u-e  .) 


(a  + uj) 


a+1 


(28) 


to  represent  the  optical  oscillator  strength  of  a given  shell  and 
adjusted  parameters  a and  a so  that  the  total  stopping  power  including 
that  of  the  valence  band  agrees  with  the  Bethe  formula  in  the  high 
energy  region.  Parameters  chosen  for  inner  shells  of  both  Ge  and 
GaAs  are  a = 3.5  and  a =0.165. 

From  the  , obtained  from  Eq.  (17),  (18),  and  (21),  we  calcu- 
late an  exchange  corrected  DIMFP  from  Eq.  (35)  of  Section  V.  Then 
using  Eqs.  (36)-(38)  of  Section  V,  we  calculate  exchange  corrected 
inverse  mean  free  path,  stopping  power,  and  mean  square  energy  loss 


which  may  be  written  in  the  form 

4n.a  2 

uM  - 1 ° 


(e-j/R)' 


f(b). 


S^B) 


4e  -n.a 

-1  1 g G(8). 

Uj/R)2  ’ 


2 2 

0 4£.n.a 

n5(B)  = ~—4  H(b)  . 

1 (e^R)2 


(29) 


(30) 


(31) 


The  universal  functions  F,  G,  and  H defined  by  these  equations  are 
tabulated  in  Table  3 as  a function  of  b. 
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V.  EXCHANGE  CORRECTED  DIMFP’s  AND  FORMULAE  FOR  THE  TABULATIONS 


We  have  included  the  effect  of  electron  exchange  in  our  calcu- 
lations in  a simple  manner  based  on  the  form  of  the  Mott  formula 
(nonrelativistic  M0iler  formula)  for  scattering  of  an  incident 
electron  with  a free  electron.  The  cross  section  for  finding  a 
scattered  electron  with  energy  W per  unit  energy  interval  is 
given  by11 


(E-W)‘ 


W(E-W) 


for  an  incident  electron  of  energy  E,  except  for  energies  close  to 
W = 0 and  W = E.  Near  W = 0 and  W = E the  interference  term  (third 
term  on  the  right  side  of  Eg.  (32)  is  effectively  zero. 

The  DIMFP  for  excitation  of  an  electron  from  a particular  state 
i may  be  written  in  the  form 


iCE.-M  = F1(E,Hu). 


If  we  assume  that  the  width  of  the  level  from  which  an  electron  is 
excited  is  quite  narrow,  we  obtain  from  Eq.  (33)  the  DIMFP  for 
production  of  a secondary  electron  with  energy  E$  as 


t5(E,Es)  Ff(E.E“*Es) 
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t 


where  E?  is  the  binding  energy  of  the  ith  level  (a  positive  quantity). 


The  exchange  corrected  DIMFP  is  taken  as 


i“C  (E.1W)  » -J-  j F . ( E ) + FjlE.EtE^-flu) 


-['  -V^]  Fi(E,f.u))Fi(E,E+E?-fiu>)J2  | 


(35) 


Since  Ex/ « l/(fiu))  for  large  E ana  flu,  Eq.  (35)  reduces  in  this  limit 


to  the  form  given  by  Eq.  (32).  The  factor  1 


E^/E  reduces  the 


D 

contribution  of  the  third  term  in  Eq.  (35)  as  E ->  E“.  This  form  for 


the  exchange  corrected  DIMFP  has  been  used  in  our  calculations  for 
all  the  inner  shells  and  for  the  valence  bands  (since  our  model 
assumes  the  width  of  these  levels  to  be  quite  narrow). 

If  we  now  define  the  more  energetic  of  the  two  electrons  after 
collision  to  be  the  primary  and  account  for  exchange  through  Eq.  (35), 
Eq.  (3)  gives  the  contribution  to  the  inverse  mean  free  path  due  to 


■ th 


excitation  of  an  electron  from  the  i level  as 


-B\ 


M(E) 


r (E+Ep/2 


d(-fta)  x^xc(E  ,fiw)  . 


(36) 


Similarly,  for  the  stopping  power  and  mean  square  energy  loss  per  unit 
path  length,  we  have  from  Eq.  (4)  and  Eq.  (5) 


-Bv 


S^E) 


v>  *. 

A 


(E/flw) 


(37) 
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■ 

1 


V 


and 


°1<E) 


(E+E?)/2 


1 d(fiw)(-ftw)^  Te.xc  (E.'flu). 
For  the  remaining  calculations  we  form  the  sums 


‘5 


WE)  ■ 5 si<E> 


(38) 


(39) 


and 


4c  <E>  ■ i 4e>  (4°> 

where  the  index  i includes  the  terms  appropriate  for  a given  solid, 
including  exchange  corrections  as  indicated  above.  The  csda  range 
is  calculated  from 


R(10) 


(E) 


f dE''Sexc<E'> 
10eV 


(41) 


corresponding  to  an  electron  slowing  down  in  a continuous  manner  from 
an  energy  E to  10  eV.  The  mean  square  fluctuation  in  the  csda  range 
based  on  Eq.  (7)  is  calculated  as 


(42) 
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VII.  GERMANIUM:  EXPLANATION  OF  TABLES 


General  Notes 


1.  Electron  energies  are  measured  from  the  bottom  of  the  conduction 
band. 

2.  The  density  of  solid  Ge  is  taken  to  be  5.30g/cm^. 

3.  The  computer-printed  units  are  translated  as: 


EV.... 
EV2. . . 
G/CM3. 


,eV 


• (eVr 

. g/cnf 


A.., 
A-l 
A2. , 


°-l 
.A  1 

°2 

.A^ 


4.  The  numerical  printout  is  in  the  form,  e.g., 

2.8D-01  = 2.8  x 10'1 

TABLE  1A  INVERSE  MEAN  FREE  PATH  OF  ELECTRONS  IN  GERMANIUM 

INNER  SH.  Inner  shell  contribution  to  inverse  mean  free  path 

VALENCE  Valence  band  contribution  to  inverse  mean  free  path 

TOTAL  u ~ total  inverse  mean  free  path  = sum  of  inner  shell 

and  valence  band  contributions 

TABLE  IB  STOPPING  POWER  OF  GERMANIUM  FOR  ELECTRONS 

INNER  SH.  ’nner  shell  contribution  to  stopping  power 

Valence  band  contribution  to  stopping  power 


VALENCE 

TOTAL 


S - total  stopping  power  = sum  of  inner  shell  and 
valence  band  contributions 
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TABLE  1C  — CSDA  RANGE  AND  STRAGGLING  OF  ELECTRONS  IN  GERMANIUM 


CSDA  RANGE 
(E  - 10  EV) 


MEAN  SQ. 
EM.  LOSS 

MEAN  SQ. 
RANGE  FL. 


RELATIVE 

RANGE 

STRAGGLING 


R / 1 0 \ ~ the  range  of  an  electron  in  the  continuous- 
' slowing-down  approximation  in  going  from  an 

energy  E to  10  eV. 


exc 


- the  mean  square  fluctuation  in  the  energy 
loss  per  unit  path  length 


[aR(10)1?AV 


- the  mean  square  fluctuation  in 
the  range  about  the  mean  csda  range 

R(10) 


{^aR(io)^av}1/2/r(io) 
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TA3_E  IA-INVERSE  MEAN  FREE  PATH  OF  ELECTRONS  IN  GERMANIJH 


LL 


ELECTRON  INVERS 

ENERGY  


EV 

INNER  SH. 

I .000 

00 

0.0 

1.500 

00 

0.0 

2.000 

00 

0.0 

2.500 

00 

0.0 

3.0  00 

00 

0.0 

3.500 

00 

0.0 

A .000 

00 

0.0 

'4.5  00 

00 

0.0 

5.0  00 

00 

0.0 

5.500 

00 

0.0 

5.000 

00 

0.0 

6.500 

00 

0.0 

7.000 

00 

0.0 

7.500 

00 

0.0 

8.000 

00 

0.0 

8.500 

00 

0.0 

9.000 

00 

0.0 

9.500 

00 

0.0 

l .000 

01 

0.0 

I .500 

01 

0.0 

2.000 

01 

0.0 

2.500 

01 

0.0 

3 .000 

01 

0.0 

3.500 

01 

0.0 

A • OOO 

01 

A. 1 1 50-03 

4.500 

01 

9.965D-03 

5.000 

01 

1 . 8520-02 

5.500 

01 

2.8200-02 

6.000 

01 

3.5A9D-02 

6.500 

01 

A.201D-02 

7.000 

01 

A. 6980-02 

7.500 

01 

5.090D-02 

8.00D 

0 1 

5.3950-02 

8.500 

01 

5.61  20-02 

9.000 

01 

5 . 78 AO— 02 

9.500 

01 

5.9160-02 

1 .000 

02 

6.00A0-02 

1 .500 

02 

5.9560-02 

2.000 

02 

5.5AAD-02 

2.500 

02 

5. 1 030-02 

3.000 

02 

A. 6970-02 

3.500 

02 

A.3AOO-02 

A. 000 

02 

A.030D-02 

A. 500 

02 

3.760D-02 

5.000 

02 

3.5250-02 

5. 500 

02 

3.3190-02 

6.000 

02 

3.1 360-02 

5.500 

02 

2.97A0-02 

7.000 

02 

2.8280-02 

7.500 

02 

2.6980-02 

3.000 

3 2 

2.5790-02 

8.500 

02 

2 . A 71 0—02 

9.000 

02 

2. 3730-02 

9.500 

02 

2.2830-02 

l .000 

0 3 

2. 1 990-02 

1 • 5 OD 

03 

1 .626D-02 

2.000 

03 

t . 30AO-02 

2.500 

03 

1 . 09AD-02 

3.000 

03 

9.  A580-03 

3.500 

03 

3.3510-03 

A. OOO 

03 

7. A90O-03 

A. 500 

03 

6.8000-03 

5.000 

03 

6.233D-03 

5 • 5 00 

03 

5.7590-03 

6.000 

03 

5 . 3560—03 

6.500 

03 

5.0090-03 

7.000 

03 

A.  7 0 70-03 

7.500 

03 

A.AA1D-03 

3.000 

03 

A .2  060-0  3 

8.500 

03 

3.9950-03 

9.000 

03 

3.8060-03 

9.500 

03 

3.6350-03 

1.000 

OA 

3 . A 800  —0  3 

MFP  IN  UNITS  OF  A- l 


VALENCE 

TOTAL 

0 .0 

0.0 

0 .0 

0.0 

1 .83AD-03 

1 • 88 AO— 0 3 

2.7130-03 

2.71 30-03 

3.70A0-03 

3.70AD-03 

A .8A10-03 

A . 8 A 10—0  3 

6 .031D-03 

6. 0310-03 

7.3120-03 

7.31 20-03 

8 .7860-03 

8. 786D-03 

1 .0210-02 

1 . 02 10-02 

1 .1830-02 

1.18  30-02 

1 .3550-02 

1.3550-02 

i .5280-02 

1 . 5280-02 

1 .7320-02 

1 .7320-02 

1 .9910-02 

1.9910-02 

2 .2290-02 

2.229D-02 

2 • A 360— 0 2 

2 . A 360—02 

2 .6A 20  — 02 

2. 6A2D-02 

2 .85AO-02 

2. 85AD-02 

5.3600-02 

5.3600-02 

8 .552D-02 

8. 5520-02 

1 .2690-0 1 

1 . 269D-01 

1 .6010-0 1 

1.6010-01 

1 .798D-0 1 

1.7980-0 l 

1 .9230-0 1 

1 .96AD-01 

2.0280-01 

2.1280-0  1 

2.0  98D  — 0 1 

2. 28  3D  — 0 l 

2.1 3AD-0 1 

2 . A 1 6D-01 

2.  IA3O-01 

2.A97D-01 

2.1360-01 

2.556D-01 

2.1  15D-01 

2.5850-01 

2.086D-01 

2.59SD-01 

2 .05AD-0  1 

2. 5930-0 1 

2 .0 16D-0  1 

2.5770-01 

1 .9770-01 

2.555D-01 

1 .938D-01 

2.5290-01 

1 .899D-0  1 

2.A99D-0 l 

1 .5510-0  1 

2. 1A6O-0 1 

l .3030-0  l 

1.857D-01 

1 . 1 250-0  1 

1 .6350-01 

9.9150-02 

1.A61D-01 

8.883D-02 

1 . 3220-0  l 

8.059D-02 

1 . 2090-0 1 

7.3830-02 

l . 1 l AD— 0 1 

6.820D-02 

1.0350-01 

6 .3A2D-02 

9.6610-02 

5.9300-02 

9. 0670-02 

5.5730-02 

8.5A7D-02 

5 .260D-02 

8. 0880-02 

A .982D-02 

7. 6800-02 

A .7350-02 

7.31  AO  — 0 2 

A .5120-02 

6 • 98  AD— 02 

A .3 1 10-02 

6 . 68AO-02 

A . 1 280-02 

6. A1 ID-02 

3.9810-02 

6.16  10-02 

2 .8A8D-02 

A. A7AD-02 

2 . 2 AAD  — 0 2 

3.5470-02 

1 .8610-02 

2. 9550-02 

1 .5960-02 

2 . 5 A lo—O  2 

1 .A00D-02 

2.2350-02 

1 .2A9D-02 

l . 9980-02 

1 . 1290-02 

1 . 8090-02 

1 .032D-02 

1 . 6550-02 

9 .5  05D  — 0 3 

1 . 526D-02 

8 .8 17D-03 

1.41 70-02 

8.228D-03 

1 .32 AD -02 

7 .7 16D-03 

1 . 2A2D-02 

7 . 2 5dO—  0 3 

1 . 17  10-02 

6 .8720-03 

1 . 103D-02 

6 .5190-03 

1 . 0510-02 

6.2020-0  3 

I . 00  10-02 

5 .9170-03 

9 . 55 2D— 03 

5.6580-03 

9.  1 380-03 
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T43LE  la-STOPPING  POWER  3-  GERMANIUM  FOR  ELECTRONS 


ELECTRON  STOPPING 

E^ERGT  


E V 

INNER  SH. 

1.000 

00 

0.0 

1.300 

00 

0.0 

2.000 

0 0 

0.0 

2.500 

00 

0.0 

3.0  00 

00 

0.0 

3.500 

00 

0.0 

4.000 

00 

0.0 

A. 500 

00 

0.0 

5.000 

0 0 

0.0 

5.500 

00 

0.0 

5 .000 

00 

0.0 

6.500 

00 

0.0 

7 .00D 

00 

0.0 

7.500 

00 

0.0 

8.00  0 

00 

0.0 

3.500 

0 0 

0.0 

9.000 

00 

0.0 

9.500 

00 

0.0 

l .000 

01 

0.0 

l .500 

01 

0.0 

2.000 

01 

0.0 

2.500 

01 

0.0 

3.000 

01 

0.0 

3.500 

01 

0.0 

4.000 

01 

1 .6230- 

-01 

4.500 

01 

4 • 06  OD ■ 

-C  1 

5.000 

01 

7. 7730 

-01 

5.500 

01 

l . 2 1 7D 

00 

6.000 

01 

1.5720 

00 

6.500 

01 

1 .9050 

00 

7 . OOO 

01 

2.1790 

00 

7.500 

01 

2.4100 

00 

3.000 

01 

2.6040 

00 

3.500 

01 

2.7580 

00 

9.000 

0 1 

2.8910 

00 

9.500 

01 

3.0040 

00 

1 .000 

02 

3. 094D 

00 

1 .500 

02 

3.4830 

00 

2.000 

02 

3.6140 

00 

2.500 

02 

3.6110 

00 

3.000 

02 

3.532D 

00 

3.500 

02 

3.421D 

00 

4.000 

02 

3.2970 

00 

4.500 

02 

3.  1 73D 

00 

5.000 

02 

3. 05  30 

00 

5.500 

02 

2 .9  390 

00 

6.000 

02 

2 • <33  1 D 

00 

6.500 

02 

2.7310 

00 

7.000 

02 

2.6370 

00 

7.500 

02 

2.5500 

00 

3.000 

0 2 

2.4680 

00 

3.500 

02 

2.3920 

00 

9.000 

02 

2.3210 

00 

9.500 

02 

2.2540 

00 

1 .000 

03 

2.1910 

00 

1 .500 

03 

1.7410 

00 

2.00  ) 

03 

1 .4330 

00 

2.5  00 

03 

1 .3040 

00 

3.000 

03 

1 . 1 70D 

00 

3.300 

03 

1 .0  640 

00 

4 .0  00 

03 

9.7  760 

-01 

4.500 

03 

9. 0590 

-0  1 

5.000 

03 

8 . 45  2D 

-01 

5.500 

9 3 

7.9  300 

-0  l 

6.000 

03 

7.4  760 

-0  1 

6.5  00 

03 

7. 0770 

-01 

7.000 

0 3 

6.7230 

-0  l 

7.500 

9 3 

6.4070 

-01 

3.0  00 

0 3 

6. 1 220 

-01 

3.500 

0 3 

5. d650 

-01 

9.000 

0 3 

5.6300 

-01 

9.5  00 

0 3 

3.4160 

-01 

l .000 

04 

5.2190 

-0  1 

POWER  IN  UNITS  OF  EV/A 
VALENCE  TOTAL 


0.0 

0.0 

0.0 

0.0 

3.761 D— 03 

3. 761D 

-03 

5.415D-03 

5. 41 50 

-0  3 

8.401 D — 0 3 

8.40  ID 

-0  3 

1 .1410-02 

1.1410 

-02 

l .5630-02 

1 .56  30 

-0  2 

2 . 0260-02 

2. 0260 

-02 

2.6170-0? 

2.61 70 

-02 

3.2250-02 

3.225D 

-0  2 

3.943D-02 

3.9430 

-0  2 

4.7330-02 

4.7330 

-0  2 

5.6510-02 

5. 6510 

-0  2 

6.641D-02 

6.64  ID 

-02 

7.8100-02 

7.81 00 

-0  2 

9.11  10-02 

9.  1 1 ID 

-0  2 

1 . 0 60D  — 0 1 

1 . 06  OD 

-01 

1 . 1 74D-0 1 

1. 1740 

-01 

1.2980-01 

1 . 2980 

-0  1 

3.090D-0 1 

3. 0900 

-01 

6.230D-0 1 

6. 230D 

-0  1 

1.1 500  00 

1 . 1 SOD 

00 

1.7960  00 

1.7960 

00 

2.3980  00 

2.3980 

00 

2.9010  00 

3. 06  3D 

00 

3.2950  00 

3.701D 

00 

3.5930  00 

4.3700 

00 

3.7990  00 

5.01 60 

00 

3. 91  2D  0 0 

5.4840 

00 

3.9820  00 

5.8880 

00 

4.0110  00 

6.18  9D 

00 

4.0090  00 

6 . 4 1 9D 

00 

3.9930  00 

6 . 59  80 

00 

3.960D  00 

6.71 8D 

00 

3.9180  00 

6.  809D 

00 

3. 8710  00 

6.8750 

00 

3.8220  00 

6.91 60 

00 

3.2710  00 

6.754D 

00 

2.821D  00 

6.435D 

00 

2.4800  00 

6 • 09  1 D 

00 

2.2  16D  0 0 

5. 7 48D 

00 

2.0080  00 

5.4280 

00 

1 . 8 38D  00 

5.  1 36D 

00 

1 • 697D  00 

4 . 87 1 D 

00 

1.5790  00 

4 • 6320 

00 

1 .4770  00 

4.416D 

00 

1.3890  00 

4.2200 

00 

1 . 3 1 ID  00 

4. 0420 

00 

1.243D  00 

3.8800 

00 

1.1820  00 

3. 7 32D 

00 

1 . 1 280  00 

3.5960 

00 

1 .0780  00 

3. 4700 

00 

1.0340  00 

3. 3540 

00 

9 .9260-0 1 

3.2470 

00 

9 . 55 1 D-0 1 

3. 1470 

00 

7.01  OD  — 0 1 

2.4420 

00 

5 . 598D-0 1 

2. 0420 

00 

4.6890-0 1 

1 .77  3D 

00 

4.0510-01 

1 . 5750 

00 

3.576D-01 

1. 4210 

00 

3 .2080-0 1 

1 . 2980 

00 

2.9130-01 

1 . 19  70 

00 

2.671D-01 

1.1120 

00 

2.4690-0 l 

1 . 0400 

00 

2 .298D-0 1 

9.7/30 

-0  1 

2 . 1 500-0 1 

9.  22 7D 

-01 

2.0210-0 1 

8. 744D 

-0  1 

1 . 9080-0 1 

8.315D 

-0  1 

1 .808D-0 1 

7. 930D 

-0  l 

1 .7  180-0  1 

7. 5830 

-01 

1 .6380-0 1 

7.2680 

-0  1 

1 • 5650-0  1 

6.9810 

- 0 1 

1 .4990-0 l 

6. 71 8D 

-01 

2b 
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TA3LE 

1 c- 

CS3A  RANGE  AND 

STR AGS_ 

I NC 

OF  ELECTRONS 

IN  GERMA'UJ* 

ELECTRON 

CSDA  RANGE 

MEAN  50 

• 

MEAN  SO. 

RELAT  IVE 

ENERG 

r 

(E  - 10EV) 

EN.  LOS S 

RANGE  EL. 

RANGE 

EV 

A 

EV/A 

A2 

STRAGG. 1 MG 

1 .605 

01 

2.532D 

01 

6. 1 21 0- 

0 1 

t. 1 590 

02 

1 .057D  00 

2.003 

31 

3.686D 

01 

1 .931  0 

00 

9.074D 

02 

8 .173D-01 

2.503 

01 

4.275D 

01 

4.9360 

00 

9.7020 

02 

7 .2860-01 

3.003 

3 1 

4.6200 

01 

1 .1450 

0 1 

9.9670 

02 

6 .833D-01 

3.503 

01 

4.8610 

01 

2.1  990 

0 l 

1.0120 

03 

6 .544D-0 1 

A.  000 

31 

5.0450 

01 

3.4  74  0 

0 1 

1.0230 

03 

6 .3400-01 

4.503 

01 

5.1 930 

01 

5.3850 

0 1 

1.0310 

03 

6 .1830-01 

S.  003 

31 

5.3180 

01 

7.4570 

0 1 

1 .0  380 

03 

6 .0580-01 

5.503 

01 

5.424D 

01 

9.9540 

0 1 

1.0430 

03 

5.9550-01 

6.003 

31 

5.5190 

01 

1.2650 

02 

1 .0480 

03 

5 .8660-01 

6.503 

01 

5.6070 

01 

1 .4840 

02 

1.0520 

03 

5.7860-01 

7.003 

3 1 

5.6900 

01 

1 .691  0 

02 

1.056D 

03 

5. 71  2D- 0 1 

7.503 

01 

5.7690 

01 

1.86 70 

02 

1 . 0600 

03 

5 .6440-01 

8.003 

31 

5.8460 

01 

2.0210 

02 

1.0640 

03 

5 .5800-01 

8.503 

01 

5.9210 

01 

2.  1 560 

02 

1.0680 

03 

5 .5190-01 

9.003 

31 

5.9950 

01 

2.2690 

02 

1.0720 

03 

5 .4600-0  1 

9.503 

01 

6 . 0680 

01 

2.3  700 

02 

1 . 0 750 

03 

5 .4040-0  1 

1 .003 

32 

6. 1 400 

01 

2.4610 

02 

1.0790 

03 

5 .3500-01 

l .503 

02 

6.8650 

0 1 

2.5400 

02 

1 . 1220 

03 

4 .8800-01 

2.003 

32 

7.6230 

01 

3.0340 

02 

1.1810 

03 

4 .507D-01 

2.503 

02 

3.421D 

01 

3.5670 

02 

1.2570 

03 

4.2100-01 

3.0  03 

32 

9.2660 

01 

3.9270 

02 

1 • 3550 

03 

3 .97  3D- 0 1 

3.503 

02 

1.0160 

02 

4.1620 

02 

1.4770 

03 

3 .78  2D—  0 1 

4.003 

32 

1.1110 

02 

4.3 140 

02 

1.6260 

03 

3 .6300-01 

4.503 

02 

1.2110 

02 

4.4030 

02 

1 .8040 

03 

3.5070-01 

5 .003 

32 

1.3160 

02 

4.4660 

02 

2.01 30 

03 

3 .4O9D-01 

5.503 

02 

l .4270 

02 

4 .4  990 

02 

2. 257D 

03 

3 .3300-01 

6.003 

32 

1 .5430 

02 

4.5130 

02 

2 • 5330 

03 

3 .266D-0 1 

6.503 

02 

1 .6640 

02 

4.5  170 

02 

2.859D 

03 

3.2140-01 

7.003 

32 

1.7900 

02 

4.5 120 

02 

3.2220 

03 

3.1710-01 

7.503 

02 

1.9210 

02 

4.5010 

02 

3.6300 

03 

3.1360-01 

8.003 

32 

2.058D 

02 

4.4370 

02 

4.0860 

03 

3. 1C  60- 01 

8.503 

02 

2.2000 

02 

4.4690 

02 

4.592D 

03 

3 .08  10-01 

9.003 

32 

2.3460 

02 

4.4500 

02 

5.  1 52D 

03 

3 .0590-01 

9.503 

02 

2.4  980 

02 

4 .4  29  0 

02 

5.7670 

03 

3 .0400-31 

1 . 003 

03 

2.6540 

02 

4.4080 

02 

6.4410 

03 

3 .0240-01 

1 . 503 

03 

4.477D 

02 

4.3860 

02 

1.7140 

04 

2 .9240-3  1 

2.003 

33 

6.7280 

02 

4.3570 

02 

3.7820 

04 

2.8900-01 

2.503 

03 

9.3650 

02 

4 . 6 35  0 

02 

7.2860 

04 

2.8820-01 

3.003 

33 

1 .2  360 

03 

4.8570 

02 

1.2630 

05 

2 .8750-31 

3.503 

33 

1.5710 

03 

4.9990 

02 

2.0220 

05 

2 .86 2D- D 1 

4 . 003 

03 

1 .9400 

03 

5.0860 

02 

3.0480 

05 

2 .8460-01 

4.503 

03 

2.3410 

03 

5. 1360 

02 

4.3830 

05 

2 .8280-0 1 

5.0  03 

33 

2.7  750 

03 

5.1610 

02 

6.0710 

05 

2 .3080-0  1 

5.503 

03 

3.2400 

03 

5.1 720 

02 

8. 1 56D 

05 

2 .7870-0  1 

6.003 

33 

3. 7360 

03 

5.1 700 

02 

1 .3680 

06 

2 .7670-3 l 

6.503 

33 

4.2630 

03 

5.  1 630 

02 

1 .3700 

06 

2.746D-01 

7.003 

33 

4.8200 

03 

5.1500 

02 

1.7260 

0 6 

2 .7 26D— 3 1 

7.503 

03 

5.4060 

03 

5.135  0 

02 

2.1 400 

06 

2 .706D-3  1 

8 . 303 

33 

6.0220 

03 

5.1170 

02 

2.6130 

06 

2 .686D-3 1 

8.  503 

03 

6.6  670 

03 

5.0980 

0 2 

3. 1640 

06 

2 .6680-0  1 

9.003 

33 

7.3410 

03 

5.0780 

02 

3.784D 

06 

2 .6500-31 

9.503 

03 

8.0430 

03 

5.0570 

02 

4.4830 

06 

2.6320-31 

1 . 003 

04 

8.7740 

03 

5.0370 

02 

5. 2660 

06 

2 .6160-01 

I 
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VIII.  GALLIUM  ARSENIDE:  EXPLANATION  OF  TABLES 


General  Notes 


Electron  energies  are  measured 

from  the  bottom  of  the 

conduction 

band. 

The  density 

of  solid  GaAs  is  taken  to  be  5.31  g/cm^. 

The  computer 

-printed  units  are 

translated  as: 

EV 

eV 

A 

o 

, . .A 

EV2 

(eV)2 

A-l 

..A  1 

G/CM3 

A2 

. . A^ 

4.  The  numerical  printout  is  in  the  form,  e.g.,  2.8D-2  2.8xl0”2. 


TABLE  2A  INVERSE  MEAN  FREE  PATH  OF  ELECTRON  IN  GALLIUM  ARSENIDE 

INNER  SH.  Inner  shell  contribution  to  inverse  mean  free  path 

VALENCE  Valence  band  contribution  to  inverse  mean  free  path 


VALENCE 

TOTAL 


u - total  inverse  mean  free  path  = sum  of  inner  shell 
and  valence  band  contributions 


TABLE  2B  — STOPPING  POWER  OF  GALLIUM  ARSENIDE  FOR  ELECTRONS 
INNER  SH.  Inner  shell  contribution  to  stopping  power 

VALENCE  Valence  band  contribution  to  stopping  power 


VALENCE 

TOTAL 


S - total  stopping  power  = sum  of  inner  shell  and 
valence  band  contributions 
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TABLE  2C  CSDA  RANGE  AND  STRAGGLING  OF  ELECTRONS  IN  GALLIUM  ARSENIDE 


CSDA  RANGE 
(E-IOEV) 


MEAN  SQ. 
EN.  LOSS 

MEAN  SQ. 
RANGE  FL. 


RELATIVE  RANGE 
STRAGGLING 


R,1Qv  - the  range  of  an  electron  in  the  continuous- 
' slowing-down  approximation  in  going  from 
an  energy  E to  10  eV 

2 

fiexc  “ mean  ->cluare  fluctuation  in  the  energy 
loss  per  unit  path  length 

2 

[aR(iqn]aV  - the  mean  square  fluctuation  in  the 
v ' range  about  the  mean  csda  range  R(-|0) 

{*-aR(io)^av;  / /R(10) 
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TA8_E  2^-INVF.RS<:  MtAM  rRfE  PATH  Jr  ELECTRONS  IN  GALLIUM  ARSENIJ 


INVERS_  MFP  IN  UNlfj  UE  A- I 


ELECTRON 

ENERGY 


EV 

l . 000 

99 

1.509 

00 

2.003 

00 

2.500 

00 

3.000 

00 

3.500 

00 

4.000 

00 

4.509 

00 

5.003 

00 

5.5  00 

00 

6.000 

00 

6.509 

00 

7.0  03 

0 0 

7.500 

00 

3.003 

00 

8.509 

00 

9.003 

00 

9.500 

00 

1.000 

0 1 

1.509 

0 1 

2.009 

01 

2.509 

01 

3.3  09 

0 1 

3.509 

01 

4.009 

0 1 

4.509 

01 

5.009 

0 l 

5 . a 0 9 

0 1 

5.009 

0 1 

6.509 

0 1 

7.009 

0 1 

7.509 

0 l 

3.309 

01 

3.509 

01 

9.0  00 

0 l 

9.530 

0 1 

1 . 009 

3 2 

1 .509 

32 

2.009 

02 

2.503 

02 

3.009 

02 

3.509 

02 

4.3  09 

02 

4.509 

02 

5.309 

02 

3.509 

02 

5.309 

02 

O.503 

02 

7.009 

02 

7 .5  09 

02 

3.039 

0 2 

3.509 

02 

9.309 

02 

9.509 

02 

1.039 

03 

1.500 

03 

2.009 

0 3 

2.509 

0 3 

3.009 

03 

3.509 

93 

4.009 

03 

4.509 

0 3 

5.009 

03 

5.509 

9 1 

6.309 

93 

6 . 5 0 9 

9 5 

7.009 

9 3 

7.509 

0 3 

3.0  09 

9 3 

8.539 

93 

9.009 

03 

9.309 

93 

1.30  > 

04 

INNER  SH. 

0.0 
0.0 
0 . 0 
0 . 0 
0.0 
0 . 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

6. 7220-03 
1 .7910-02 
3. 1 000-02 
A. 0880-02 
4.8150-02 
5.499D-02 
5.969D-02 
6.3870-02 
6.7470-02 
7.0080-02 
7. 1970-02 
7.3360-02 
7. 4250-02 
7.4720-02 
7.4930-02 
7. 0840-02 
6 . 45  2D  —02 
5.8680-02 
5.3620-02 

4.9  300-0  2 
4 . 5610-02 
4.2440-02 

3.9  700-0  2 

3. 7  300-02 
3.519D-02 
3.3330-02 
3. 1660-02 
3.01 70-02 
2. 8820-02 
2.7590-02 
2.64/0-02 
2.5450-02 
2.4500-02 
1 .8050-02 
1 .44  30-0  2 

1 .2  099-02 
1 . 0440-02 
9.209D-03 
3. 2540-03 
7.4890-03 
6.8610-03 
6.33  70-03 
5.8919-03 
8.50  80  —0  3 
5. 1740-03 
4 . 88 1 0 -03 
4.6210-03 

4 . 3 390 -03 
4 . 1 800-03 
3. 9920-0  3 
3.8200-03 


VALENCE 

0.0 

0.0 

3 . I 070-03 
4 . 3620-03 
5. 7410-03 
7 .2290-0  3 

8 .8  150-03 
1 .0490-02 
1 .2240-02 
1 .4070-02 
t .5970-02 

1 .7940- 02 
1 .9960-02 
2 .2040-02 
2 .4  180-02 
2.63/0-02 
2.861D-C2 
3 • 0 890—  L 2 
3.3230-02 
5.8660-02 

8.7  180-0  2 
1 . 1930-0 1 
1.4 700-01 
1 .6620-0 1 
1 . 7930-0 1 
1 .8920-0 1 
1 .9580-0 1 
1 .9950-0 l 
2.0079-01 
2.0050-0 1 
1 . 990  D — 0 1 
1 .9660-0 l 
1 .9380-0 l 
1 .9050-0 1 
1 .8  710-01 
1 .8  350-0 1 
1 .8000-0  1 
1 .4  790-01 
1 .2460-0 l 
1 .0  770-0  1 
9 .4980-02 
8.51 20-02 
7.724D-02 

7 . 0 760-02 
6 .5  360-0  2 

6 .0  780-02 
5.6840-02 
5 . 3410-02 
5.0400-02 

4.7  74D-02 
4.5370-02 

4 .3230-02 
4 . 1 290-02 
3.9540-02 

3.7940- 02 
2 .7250-02 
2 . I 460-0  2 
1 .7800-02 
1 .5  250-0  2 
1 . 3380-02 
1 . 1940-02 
1 . 0 790-02 

9 .8  560-0  3 
9.0790-03 
8 .4219-03 
7 . 8670-03 
7 .36  30-0  3 
6 .9409-03 
6.5610-03 
6 .2230-03 
5.9209-0  3 
5.6470-03 
5.400D-03 


TOTAL 

0.0 

0.0 

3. 1070-03 
4 . 36  20-0  3 
5.7410-03 
7. 2290-03 
8. 81 50-03 
1 . 0490-02 
1 . 224D-02 
1 . 4070-02 
1 . 597D-02 

1 . 7940-02 
1 .9960-02 
2.2040-02 
2. 41 8D-02 
2.6370-02 
2.8610-02 
3. 089D-02 
3 . 32  3D  -0  2 
5. 866D-02 
8.718D-02 
1 . 19  3D  — 0 1 
1 .5370-01 
1.841D-01 
2.  1030-0  1 
2. 30 1D-0 1 
2. 4400-01 
2.5450-01 
2.6040-0 l 
2. 6430-01 
2.664D-01 
2.6670-0 1 
2. 6530-01 
2. 639D-0 1 
2.61  3D— 0 1 
2. 5830-01 
2.5500-0 1 
2.  18  70-01 
1 .89 1D-0 1 
1 . 6640-0 1 
1 .486D-01 
1 . 3440-0 1 
1 . 229D-0  1 
1 . 1 32D-0 1 
1.0510-01 
9. 809D-02 
9.2030-02 
8. 6740-02 
8. 206D-02 
7.79 10-02 
7. 41 8D-02 
7.0820-02 
6. 7760-02 
6. 4980-02 
6. 244D-02 
4 . 5300-02 
3. 5890-02 
2.9880-02 
2 • 5b9D -0  2 
2. 2590-02 
2.01 9D-02 
1 . 828D-0  2 
l . 6720-02 
1 . 542D-02 
1 . 4310-02 
1 . 3370-02 
1 . 2540-02 
1 . 1320-02 
1 . 1 180-02 
1 . 0610-02 
1.01 00-02 
9. 6390-03 
9. 2200-03 


29 


T A5LE  ii-STO^PlNG  POWER  OF  GA_,_lUM  ARSENIDE  FOR  ELECTRONS 


ELECTRON 

ST  OPP I NG 

°Q'5ER  IN  UNITS 

UF  EV/A 

ENERGY 



— 

EV 

INNER  : 

5H. 

VALENCE 

TOTAL 

1 .OOD 

00 

0.0 

0.0 

0.0 

1 . 5 0 D 

00 

0.  0 

0.0 

0.0 

2. OOD 

00 

0.0 

1 .0010-02 

1.00  ID— 02 

2. 500 

0 0 

0.0 

1 .381D-02 

1 . 38  ID-0  2 

5.000 

00 

0.0 

1 .876D-02 

1 . 8760-02 

3.500 

00 

0.0 

2 .4060-02 

2.4060-02 

A.  OOD 

00 

0.0 

3 . 1 320-02 

3.  132D-02 

A.  500 

00 

0 . 0 

3.8580-02 

3.8580-02 

5.000 

00 

0.0 

4.6590-02 

4.6590-02 

5.500 

00 

0.0 

5. 4500-02 

5.4500-02 

5.000 

00 

0.0 

6.311 D— 02 

6c  31  10-02 

6.5  00 

00 

0.0 

7 .2430-02 

7.2430-02 

7.000 

00 

0.0 

8.2490-02 

8. 249D-02 

7.oOD 

00 

0.0 

9.3290-02 

9. 3290-02 

a.  00  0 

00 

0.0 

1 .0490-0 1 

1 . 0490-01 

a. 500 

00 

0.0 

1 . 1 730-01 

1.  1 7 3D— 0 1 

9.000 

00 

0.0 

1 .3050-0  1 

1 . 3050-0 1 

9.500 

00 

0.0 

1 . 4 45D  — 0 1 

1.4450-01 

1 .000 

01 

0.0 

1 .5940-01 

1. 59  4D-01 

l .300 

01 

0.0 

3.6020-0  l 

3 . 60  2D— 0 1 

2.0  00 

0 l 

0.0 

6 . 7 OSD  — 0 1 

6. 7050-01 

2.500 

01 

0.0 

1 . 1 240  0 0 

1.124D  00 

3.000 

01 

1 .9030 

-01 

1.6720  00 

1.8620  00 

3.500 

01 

5.295D-01 

2.2090  00 

2.7380  00 

A. 000 

01 

9.5260-0  I 

2.6780  00 

3.6310  00 

A. 500 

01 

1.3010 

00 

3.0550  00 

4.356D  00 

5.000 

01 

1.5320 

00 

3.346D  00 

4.9280  00 

5.500 

01 

1 . 889D 

00 

3.5560  00 

5.4450  00 

6.0  00 

0 1 

2.  1 290 

00 

3.6830  00 

5.8120  00 

6.500 

01 

2.  3650 

00 

3.7680  Ou 

6.1320  00 

7.0  00 

01 

2.5390 

00 

3.8110  00 

6.4000  00 

7.500 

0 l 

2.7760 

00 

3.625D  00 

6.6010  00 

a.  ooo 

01 

2.9310 

00 

3 .8230  00 

6.7540  00 

a. 500 

01 

3.0650 

00 

3.8020  00 

6.8670  00 

9.000 

0 1 

3. 1 7 AO 

00 

3.7710  00 

6.945D  00 

9 • 50j 

ul 

3. 261 D 

00 

3.7350  00 

6.9960  00 

I .000 

02 

3.3330 

00 

3.6940  00 

7.027D  00 

l .300 

02 

3.6300 

00 

3.1980  00 

6.8790  00 

2.000 

02 

3.7610 

00 

2.7720  00 

6.5330  00 

2.300 

02 

3.7270 

00 

2.4430  00 

6.  1700  00 

3.000 

02 

3.631D 

00 

2.1370  00 

5.8130  00 

3.500 

02 

3.5070 

00 

1.9830  00 

5. 49  ID  0 0 

A. OOO 

02 

3.3750 

00 

1 . 8 i 70  0 0 

5.  193D  00 

A.  3 00 

02 

3. 2AAO 

00 

1.6790  00 

4.9230  00 

5.000 

02 

3. 1 18D 

00 

1 .5620  00 

4.6800  00 

5.500 

02 

2. 9980 

00 

1 .46 2D  00 

4.4oOD  00 

6.000 

02 

2.337D 

00 

1.3750  00 

4.2620  00 

6.500 

02 

2.733D 

00 

l .2990  00 

4.0810  00 

7.000 

02 

2.6860 

00 

1 .2310  00 

3.9170  00 

7.500 

02 

2.596D 

00 

1 . 1 71D  00 

3.7670  00 

8.0  00 

02 

2.5120 

00 

1.1170  00 

3.6290  00 

3.500 

02 

2.A3A0 

00 

1.0690  00 

3.502D  00 

9.000 

02 

2. 3600 

00 

1.024D  00 

3.3350  00 

9.500 

02 

2.2  92 D 

00 

9.8 JdO-Ol 

3.2760  00 

I . OOO 

03 

2.2280 

00 

9 • 4 67D-0  l 

3.1740  00 

1 . 300 

03 

l . 7690 

00 

6 .9520-0 1 

2 • 4o4D  00 

2.000 

03 

1 • 50  AO 

00 

5.5530-0  1 

2.0590  00 

2.500 

03 

l . 3220 

00 

4 . 65 2D  — 0 l 

1.787D  00 

3.0  00 

03 

l . 185D 

00 

4 .0200-0  1 

1.5870  00 

3.500 

03 

1 .0770 

00 

3.5490-01 

1.432D  00 

A.  OOO 

03 

9.8940 

-0  1 

3 . 1 840-0  1 

1 . 30  80  00 

A.  5 00 

03 

9. 1660 

-01 

2 .8910-0  l 

1.2060  00 

5.000 

03 

0.550D 

-01 

2.6510-0  1 

1.1200  00 

5.500 

03 

8.0210 

-0  1 

2 .4510-01 

1.0470  00 

6.000 

03 

7.5600 

-0  l 

2.2810-0 1 

9.8410-0 l 

6.500 

03 

7. 1 56D 

-0  1 

2 . 1 340-0  1 

9. 290D-0 l 

7.000 

03 

6.7970 

-01 

2 .0  060-0  1 

8. 304D-0  t 

7.500 

0 3 

6. 4770 

-01 

1 .8940-0  1 

8. 3710-01 

3.000 

03 

6. 189D 

-01 

1 .7950-0  1 

7. 98 30 -0  1 

a.  soo 

03 

5.9280 

-01 

1 .7060-0  l 

7. 6340-01 

9.000 

03 

5.6910 

-01 

1 .6260-0 1 

7.3160-01 

9.5  00 

03 

5.4740 

-01 

l .5540-01 

7. 0270-01 

1.000 

04 

5.2750 

-0  1 

l .4830-0  1 

6.7620-01 
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TA3_E  2C-C 

a 3 A 

RANGE  AND  STRAGGLING 

OF 

ELECTRONS 

IN 

ELECT  HO  * 

C SO  A RANGE 

MEAN  S3 

• 

MEAN  SCI 

1. 

ENE  13/ 

(E  - 10EV) 

EN . LOSS 

RANGE  FL. 

EV 

A 

E V/A 

A2 

1 . 503 

3 1 

2.1003 

01 

7.891 3- 

0 1 

5.153) 

02 

2 .003 

3 1 

3.1 233 

01 

2.3673 

00 

6.7  24D 

02 

2 . 503 

31 

3.705) 

01 

5.599) 

00 

7. 343D 

02 

3.003 

0 1 

4.0500 

01 

1 . 1 563 

0 1 

7.6  36) 

02 

3.503 

0 l 

4 .2  70) 

01 

2.6123 

0 l 

7.789) 

02 

4 . 003 

01 

4.4280 

01 

4.769) 

0 1 

7 . 8 8 30 

02 

4.503 

01 

4.5530 

01 

7.304) 

0 l 

7.9490 

02 

5.003 

3 l 

4.5610 

01 

9.558) 

0 1 

8.0020 

02 

5.503 

01 

4.7570 

01 

1 . 1 523 

02 

8.0460 

02 

5.033 

3 1 

4.8460 

0 1 

1 .3623 

02 

8. 0870 

02 

6.503 

01 

4.9290 

01 

l .533) 

02 

8 . 1 2 50 

02 

7.003 

31 

5.0090 

01 

1 .702) 

02 

8. 1610 

02 

7.503 

01 

5.0860 

01 

1 . 86  3) 

02 

8.  1960 

02 

8.003 

01 

5.1610 

01 

2.0053 

02 

8.2310 

02 

8.503 

01 

5.2340 

01 

2. 1 31 3 

02 

8. 2650 

02 

9.033 

0 1 

5.3070 

01 

2.244) 

02 

8.3000 

02 

9.503 

01 

5.3780 

01 

2.343) 

02 

8.3350 

02 

1 . 003 

02 

5.4500 

01 

2.429) 

02 

8.3710 

02 

1 . 503 

02 

6 . 1 63) 

0 1 

2.5063 

02 

8.7830 

02 

2 . 003 

02 

6.908) 

0 1 

3.1 023 

02 

9.338D 

02 

2.503 

02 

7.6960 

01 

3.5713 

02 

1.0070 

03 

3.000 

02 

3.5310 

01 

3.921 3 

02 

1 . 1 02D 

03 

3.533 

32 

9.4160 

0 l 

4.1 593 

02 

1.2190 

03 

4 . 003 

02 

1 .0  350 

02 

4.314) 

02 

1 .3630 

03 

4.503 

02 

1 . 1 340 

02 

4.4123 

02 

1 .5350 

03 

5 .003 

02 

1 .2330 

02 

4 . 4 71  3 

02 

1 .7390 

03 

5 .503 

02 

1 . 3480 

02 

4.506) 

02 

1 . 976D 

03 

6.003 

02 

t .4630 

02 

4.524) 

02 

2. 2490 

03 

6.503 

02 

1.5320 

02 

4.523) 

02 

2.5620 

03 

7.003 

02 

l .7030 

02 

4.5253 

02 

2.9160 

03 

7.503 

02 

l .3380 

02 

4.516) 

02 

3. 3 140 

03 

8.003 

02 

1 .9730 

02 

4.5023 

02 

3. 7590 

03 

8.503 

02 

2.1130 

02 

4.486) 

02 

4.2530 

0 3 

9.003 

02 

2 . 2 590 

02 

4.467) 

02 

4.8000 

03 

9.503 

32 

2.4090 

02 

4.447) 

02 

5.4010 

03 

1 . 003 

03 

2.5640 

02 

4.4273 

02 

6.0600 

03 

l .503 

33 

4.3700 

02 

4.4060 

02 

1 .6550 

04 

2 . 303 

33 

6.6030 

02 

4 . 3 99  3 

02 

3.687D 

04 

2.503 

33 

9.2180 

02 

4.6  633 

02 

7. 1 280 

04 

3.033 

3 3 

1.2190 

03 

4.884) 

02 

1 .2330 

05 

3.503 

33 

1 .5520 

03 

5.025) 

02 

1.9850 

05 

4 . 003 

0 3 

1 .9130 

03 

5.1 143 

02 

2.9940 

05 

4.503 

03 

2 . 3 1 6D 

03 

5 . 1 65D 

02 

4.3080 

05 

5.003 

33 

2 .7470 

03 

5.1923 

02 

5.9700 

05 

5 . 503 

33 

3.2090 

03 

5.201  3 

02 

8.0240 

05 

6. 003 

03 

3. 7010 

03 

5.2010 

0 2 

1.0510 

06 

6.503 

03 

4.2250 

0 3 

5.193) 

02 

1.3 49  D 

06 

7.003 

0 3 

4.7  780 

03 

5.181) 

02 

l . 699D 

06 

7.50) 

03 

5.3600 

0 3 

5. 1660 

02 

2. 1 080 

06 

8.00) 

0 3 

5.9720 

03 

5.148) 

02 

2. 5790 

06 

8.503 

03 

6.6130 

03 

5.129) 

02 

3.1170 

C 6 

9. 00) 

3 3 

7.2820 

03 

5.109) 

02 

3. 7290 

06 

9.50) 

03 

7.  ) 3 OO 

03 

5.0883 

02 

4.4160 

06 

1.00) 

0 4 

3. 7050 

03 

5.0  683 

02 

5.1910 

06 

GALL  III*  Axle'll  J 


RELATWi 

HANG: 

STRAGG-l *6 

1 .08 10  3 D 
8 .3040-31 
7.31 70-31 
6 .824D-31 
fa. 5360- 31 
fa .34 10-3 1 
6 . 192D-3 1 
fa .069D-3 1 
5 .96  30-  3 1 
5 .8690-31 
5 .7820-01 
5 .70  30-3  1 
5 .6290-31 
5 .5S9D-31 
5 .4930-31 
5.4290-31 
5.3680-31 
5.3090-31 
4 . 808D- 3 1 
4 .4  2 30-  3 1 
4.1240-31 
3 .8910-31 
3 .7090-31 
3.5660-31 
3 .4550- 3 1 
3 .3670-31 
3.2980-31 
3 .2430-01 
3.1  9 8D-  3 1 
3.1620-31 
3 .1320-31 
3 .1070-31 
3 .0860-0  1 
3 .0680-31 
3 .05  10-3  1 
3.0360-31 

2 .9440-31 
2 .9080-31 
2 .8960-  3 1 
2 .885D-01 
2 . 3 7 1 D-  3 1 
2 .3540-31 
2 .8340-31 
2 .8 1 30-31 
2 .7920-31 
2 .7700-31 
2 .7490-31 
2 .7280-31 
2 .7080-01 
2 .6E  90-3  l 
2 .6700-  0 1 
2 .6520-3 1 
2 .6340-3  1 
2.617D-31 
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TABLE  3-JNl  VERS  AL  FUNCTIONS  EMPLOYED  IN  THE  EVALUATION  OF  IN'! 

S3EL-  CONTRIdUT  IONS  TO  INVERSE  MEAN  FREE  PATH , S TOPP  I N 
PJ*ER.4NQ  MEAN  SQUARE  ENERGY  LOSS  (SEE  DEFINITIONS  AN 3 
DETAILS  IN  SECTION  IV) 


BETA 

F 

G 

H 

1.200 

00 

2.279D-01 

2. 3930— 0 1 

2.51 6 D— 0 1 

1 . A 0 0 

00 

A .30  30- 01 

5. 273D-0I 

5 .8060- 

01 

I . 700 

00 

7 .4970- 01 

3.72  2D— 0 l 

1 .0220 

00 

2.  OOO 

00 

9.0540-01 

1 . 1 06D  00 

1 .3700 

00 

2.  500 

0 0 

1.017D  00 

1 . 3260  00 

l • 776D 

00 

3.  OOD 

00 

1.037D  00 

1 . A2AD  00 

2.0340 

00 

3.  500 

00 

1 . 01 9D  00 

1 . 4580  00 

2 .2020 

00 

A.  OOO 

00 

9 • 358D- 01 

1 . 4590  00 

2 .31  3D 

00 

5.  OOD 

00 

9.0770-01 

1.4160  00 

2.4350 

00 

6.  OOO 

00 

3.331  D-01 

1 .3510  00 

2 .485D 

00 

7.  OOO 

00 

7.677D-01 

1 .2340  00 

2 .5000 

00 

3.000 

00 

7.11  3D- 01 

1 . 220D  00 

2.4960 

00 

9.  OOD 

00 

6.6260-01 

1 . 1600  00 

2. 4830 

00 

1.000 

01 

6.2050-01 

1 . 1 06D  00 

2 .4640 

00 

I . 300 

01 

5 .2 2 AD—  Cl 

9 .7020-0 1 

2.396D 

00 

1.600 

01 

A 52  70—  01 

3.6610-01 

2 . 323D 

00 

2.  OOD 

01 

3 .358D-01 

7 . 6040-0 1 

2 .246D 

00 

2.  SOD 

01 

3.2  720- C 1 

6 . 628D-0 1 

2. 1620 

00 

3.  OOO 

01 

2.3500-01 

5 . 3 970-0  1 

2.093D 

00 

A.  OOD 

01 

2 .2300- 01 

4. 3670-01 

1 . 987D 

00 

5.  OOD 

01 

1 .9100- Cl 

A . 1 7 10-0 l 

1 .91 1 D 

00 

6.  OOD 

01 

1 .6500-  01 

3.6650-01 

1 .8520 

00 

7.  OOD 

01 

1 • A 550-  01 

3.2790-01 

l • 806D 

00 

3.  OOD 

0 1 

1 .30  40-01 

2 . 9730-0 1 

1 . 768  D 

00 

1 . OOD 

02 

1 . 0 3 A 0 — 01 

2. 5 1 3D— 0 1 

1 .7  1 OD 

00 

1 . 3 0 D 

02 

3.7030- 02 

2.063D-01 

1 .650D 

00 

1 . 60D 

02 

7.30  20- 02 

1 .7570-0 1 

1 .6000 

00 

2.000 

02 

6.  0370-02 

1 .4760-01 

1 .568D 

00 

2.530 

02 

A. 9350- 02 

1 .2370-0 1 

1 .5330 

00 

3.  OOD 

02 

4.2  590-02 

1 . 069D-0 l 

1 .5080 

00 

A.  OOD 

02 

3.3  1 80-02 

a. A65D-02 

1 .474  0 

00 

5.  OOO 

02 

2.7300- 02 

7 .0520-02 

l .4  52  D 

00 
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